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SUMMARY

An investigation hes been mede in the Lengley two-dimensionel
low-turbulence tunnsls to develop the optimum configuration of
a 0. 35-chord slotted flap on en NACA 65 (112) 111 eirfoil section

modified by removing the trailing-edge cusp. Included in the

investigation were meesurements to determine the scale effects on

the section lift and drag characteristics of the alrfoil with the

f£lap retractgd for Reynolds numbers ranging from 3.0 x 10 -

. to 25.0 x 10 The scale effecta on the lift characteristice were

" -also determ:lned. for the same range of Reynolds numbers for the flap
deflected in the pgsition found to be the optimum at a Reynolds -

number of 9.0 x 10Y.

" The optimum flap configuration at high Reynolds numbers was

found to be a f£lap deflection of 35° with the flap located 1. 93-yercent

chord behind and 3.21-percent chord below the slot 1ip. The flap

deflection was lower and the flap was located rearward and upward frog

the position found to be the optimm at a Reynolds number of 2.4 x 10

Shifts in the linear portion of the 1lift curve caused by variation .

of Reynolde number, which occurred only for the condition with the

flap deflected, were either eliminated or reduced consideradbly by

altering the flap position. The maximim section 1ift coefficient

of the airfoll with the flap deflected in g pogition found to be

the optimum at & Reynolds mumber of 9.0 x 10V increased from 2.315

to 2.71 es the Reynolds number increased from 2.4 x 108 to 12

or 13.0 x 10~ and then decreased toc 2.62 as the Reynolds number was

increased up to 25.0 x 10°. The maximum section lift coefficlent
of the airfoil with the flep retracted increased fgom 1.17 to 1.35

25 the Reynolds number was increased from 3.0 x to 18.0 x 10° and
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then decressgd to 1.30 as the Reynolds number was increased _
to 2k.9 x 109. The increment of meximum section 1ift coefficient
incressed from 1.2k to 1.36 as the Reynolds number was increased
from 3.0 x 109 to about 12.0 x 106 and then decrsesed to 1.31 es
the Reynolds mumber increased up to 25.0 X 100. The section drag
coaffictent at lift cosfficlents beyond the low-drag range
continued to decrease with increase in Reynolds number although the
ninimm gection drag coefficlent 'begag to increase at a Reynolds
number 51lightly higher than 12.0 x 100. o

INTRODUCTION

The modern high performance airplane with its increased wing
loading requires the use of thin wing sectlons equipped with high-
1ift flaps. Experimental investigations, such es those reported in
reference 1, have been made to develop 0.250-chord slotted flaps
suitable for use on thin airfoll sections. Such investigetions,
however, have been made for onlg & small range of Reynolds

)

numberes (2.5 x 106 to 9.0 x 10°) and & very limited amount of dsta

for Reynolds numbers greater then 9.0 x 10~ are available for thin
airfoils equipped with slotted flaps. From date presented in
reference 1, it is seen that large changes in the 1ift characteristics
of & thin sirfoll with a slotted flap may occcur as the Reynolds number
is incressed. Some question also exists as to whether or not &

flap configuretion thet is the optimum for high 1lift at low

Reynolds numbers is still the optimum configuration at much higher
Reynolds numbers. '

_ An investigation is thersfore being conducted in the Langley
two-dimensional low-turbulence tunnels in oxder to develop the
optimum configuration of & 0.35-chord slotted flap on a modified
NACA 65(112)-111 airfoil section and to determine whether or not

the developed optimum flap configuration is dependent upon the
Reynolds number. Measurements to determine the section pitehing~
woment cheracteristics, the effects of leading-edge roughness on the
lift cheracteristics, and the 1ift cheracteristics for the flap
deflected through a developed flap path are also included in this
inveatigation. '
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The results of the first phese of this investigation which
covered the development of the optimum flap configuration at a

Reynolde nmumber of 2.4 x 10° have been reported in reference 2.
This paper presents the results of tests.of the airfoll at

Reynolds numbers up to 25.0 x 106 for the condition with the flap
retracted and for the comdition with the flap deflected. The
develorment of the optimum flep configuration &t & Reynolds number

of 9.0 x 105 was also included in this phase of the investigation.
SYMBOLS

o section angle of att-ack, degrees
c airfoil chord -

G4 section dreg coefficlent

-cdmin minimum sectlion dreg coefflcient
c, section 11ft coefficient

¢; _ meximm section 1ift coefficient

) increment of maximum section 1ift coeffj;ciént
wax _

R Reynolds number

X,y horizontal end vertical positions, respectively, of the
flap leading-edge radius center with respect to upper
1ip of slot in percent ¢, positive forward of and.below
slot lip, respectively (fig. 1)

.51, flep deflection, degrees, angle between airfoil chord line

in flap retracted positlion and asirfoll chord line in
flap deflected position (fig. 1) -

" MODEI, AND TESTS

The 2-foot chord model tested in this investigation was a
modified NACA 65 (112) -111 eirfoil section with & 0.35¢ slotted flap.
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The eirfoll section had been modified by removing the trailing-edge

cusp-and was therefore similier to an NACA 65 (1i2)-lll airfoll

section: Ordinates for the plain airfoil section and the slotted
flap are given in tables I and IT, respectively. Figure 1 isa . .
gketch of the airfoil and flap end alsc shows the reference polnts
defining the flap position.  The model was constructed of aluminum
alloy and completely spenned the 3-foot-wide tunnel teést section.
Provisions were made for atitaching the flap ‘to the main part of the
model by fittings at the endes which also permitted independent
varistion of the flap poslition and deflection.

Tests were made in the Langley two-dimemsional low-turbulence
preseure tumnel to determine the scale effects on the lift and dreg
cherecteristice of the eirfoll section with the flap retracted and

slot sealed for Reynolds numbers ranging from 3.0 X :l_.O6 t0.25.0 x 106.
Lift measurements were made at & Reynolds mumber of 9.0 x 106 to
determine the flap position and deflection for highest maximum 1ift —
(optimm configuretion). The acale effects on the lift characteristics
of the optimum flap configuration were then investigated for the same
range of Reoynolds numbere covered in the tests of the sirfoll with

the flep retrected and slot sealed. The test methods and the methods
used in correcting the test data to free-ailr conditions are discussed
in reference 3. The magnitude of the corrections used in correcting
the test data to free-alr conditions was of the order of a few
percent. The maximum free-stream Mach number attaeined during any

of the tests did not exceed 0.18.

RESULTS AND DISCUSSION

Flep Retracted and Slot Sealed

The section 1lift characteristice of the airfoll section with
the flap retracted and slot sealed are presented in figure 2. From
the data presented in figure 2, it is seen ghat increasing the
Reynolds number from 3.0 x 108 to 18.0 x 100 increased the maximum
section 1ift coefficlent from 1.17 to 1.35. Increasing the Reynolds

number veyohd approximately 18.0 x 108 up to 2k.9 X 105, however,
resulted in a slight decrease in the maximum section 1ift coefficient.
The data presented in figure 2 indicate that within the range of
Reynolds numbers tested, increasing the Reynolds number had no
important effects on the section 1ift coefficient at low absolute
values of the section angle of attack.
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The angle of attack at which the stall occurred was incressed
by about 2° as the Reynolds mumber wes incressed from 3.0 x 1 '

to approximately 12.0 x l(_)6 {(fig. 2). At Reynolds numbers esbove

approximately 12.0 x 10°; the .sectlon angle of attack for maximum.
sectlon 1lift coefficient remained nesrly the same. .The increase .in
the section angle of attack for maximum section 1ift coefficlent
with increase in Reynolds number was accompanied by & more grédual
stall es indicated by the dets presented in figure 2.

The drag polers for the alrfoll section with the flap retracted
and the slot seeled are presented in figure 3. These datg indicate

thet increasing the Reynolds number up to about 13.0 ¥ 10~ decreased
the minimum section drag coefficient gheree.s increasing the Reynolds
number beyond approximately 13.0 x 10~ up to approximately 2h.7 x 106
resulted In increeses in the minimum section dreg coefficient. The
section dreg coefficient at 1ift coefficlents beyond the low-d.rag
range, however, contimmed to decresase with increase in Reynolds numbey
-within the test range of Reynolds number. The low-drag Tange
continuously decreased with increase In Reynclds number until at a

Reynolds number somewhet below 24.7 x- 106 the low~drag region wes
no longer defined by a "bucket" (fig. 3).

Afrro1l with Flap Deflected

tasta made to develop the optinum fla.p configuraton at a Reynolds

number of 9.0 x 10~ are presented in figures L4 and 5. Thesge data
indicate that at & Reynolds mumber of 9.0 x 10° the optimm fls=p

deflection is 35° or 10° less than that indicated by the data

obtained for e Reynolds number of 2.4 x 108 (reference 2). : Tests of
the positi gs found to be the optimum at a Reynolds numbex

of 2.4 x 10° indicated downward shifts of the 1ift curve with
increasing Reynolds number similler to thet shown for a f£flap deflection
of 40° (fig. 5). Although the gain in meximum section 1ift coefficient
obtained by altering the flap configuretion was generally less than 0.1,
the increase in the section 1ift coefficlent at low engles of attack
wee 4 or 5 times as much as the incresse in maximum- section 1ift
coefficlent.. The original optimum configurations (those optimum

at R = 2.4 é 10 ) were therefore less suiteble at a Reynolds number

of 9.0 x 10° than some of the other configurations tested. - The data
presented in figure 4(a) indicate that the optimum position of the

flep leeding-edge redius center moves rearward and upward as the
Reynolds number is increased. Tests to dgvelop the optimum
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cohfiguration for Reynolds nunmbers higher than 9.0. X 108 are. not
feasable inasmuch as the alr pressure within the btunnel prohlbits
personnel from entering the tunnel to alter the flap configuration.
It was thersfore estimated from the date presented in figure L(a)
that the optinmm position of the flap leading-edge radius -center -

at Reynolds mumbers of 18.0 X 108 and 25.0 x 10° would ve approxi-
mately 1.98 percent ¢ behind and.3.21 percent ¢ below the slot lip.
The use of this optimum flap position gave aliicet as high a value 6

of ¢, as the highest obtained at e Reynolds number of 9.0 x 10,
‘end -would a2lso permit the use of a simp’er flap path. The 1lift

* characteristicas at Reynolds numbers up to 25.0 x 10~ were therefore
d.etermined for this optlmum configuretion. .

thld Ef:ﬂec§ of Bemglds number cn 1ift.- The section 116 cha.racter-
istics of the configuration found to be the optimum at a Beynold.s
T nimbér of . 9.0 X 106 -are presented in figure 6. Increasing -the
Reynolds humber from 3.0 x 107 to approximately 12.1 x 106" increaged
the maximum section lift coefficient from 2.4l to-2.71, 1ncreased the
anglo of attack for meximum section lift coafficient from 2° to 7°,
and caused the stall to be more gradugl. Tncreasi_ng the Reynolds
number beyond approximately 12.1 x 10¥ up to 25.3 x 10”, however,
resulted in a elight decreasse in the maximum section 1ift
coefficient accompanied by only small changss in the type of stall
and the angle of attack at which the stall otsgan. (See fig. 6.) The
variation of maximm sectlon 1ift coefficient with Reynolds number
is shown in Gfigure 7. This curve 18 extended to a Reynolds number
of 2.k.x 10~ where the velue of c, (2.15) was cbtained from
reference 2. The highest maximum section 1ift coefficient obtained
for the flap deflected condition, as shown in fégure T, was 2.7
at a Reynolds number of approximately 12.1 x 1C At a Reynolds:

number of 9.0 x 10° the maximum secticn 1lift cosfficient (2.69) is
approximately 0.24 higher and the increment of meximum section 1ift
coefficient (1.36) 1s approximately 0.30 higher than the values :
obteined for the NACA 65-210 airfoil section with the 0.25c slottod
Tlap designated as slotted flap 1 in reference 1.

The ihorement of maximum section 1lift coefficient increased
from 1.24 to 1.36 as the Reynolds number wes incregsed from
approximately 3.0 x 10Y to epproximately 11.0 x 10~ as shown in
figure 7. The varlation of increment of maximum section 1iFt
coefficlent with Reynolds number, however, wes less than the variation
of maximum section lift coefficient with Reynolde nuwber. The
increment of meximum gection 11ft coefficlent for Reynolds. mubers
ranging from 3.0 x 106 to 25.0 x 106 was approximately 1.3.
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t attack.- From the dete presented in figure 6
1t is seen that throughout the range of Reynolds number at which the
model was tested, the change in section 1lift coefficient at low
angles of a.ttack with variation of Reynolds number was smell. The
variation of section 1ift coefficient at a constant section a.ngle of
attack within the linear portion of the 1ift curve is shown in
figure 8. It is seen from figure 8 that only slight downward shifte
of the lift curves for the flap deflected condition were obtained as
the Reynolds rnumber was increased beyond spproximately 12.0 x 10
whereas for the flap retracted condition the section 1ift coefficilent
at an angle of atteck of 0° remained substentially independent of
the Reynolds number. In no case, however, wes the downward shift
in the 1ift curve with increase in Beynold.s number &s much as that
cbtained for cne of the configurations included in tests of the Lo 6
flap deflection when the Reynolds number was increased from 2.4 x 10
%o 9.0 x 106 (Fig. 5(b}), even though that flep position was found
to be the optimum for thet flap deflection st the lower Reynolds
number. It therefore appears thet a dowaward shift in the 1ift
curves at low anglés of attack with increesing Reynolds number may
be caused by changes in the flow through the slot which alter the
optimum configuration as the Reynolds number is varied.

CONGLUSIONS

' The results of tests of a modified NACA 65 (112 -111 ailrfoil

gsection with & 0.35~-chord slotied flap indicate the follcwing
conclusions.

1. The optimum flap configura.tion at high Reynolds numbers
was found to be a flap deflection of 35° with the flap leading-
edge radius center located 1.98-percent chord behind and 3.21-percent
chord below the slot 1ip. The flep deflection was lower and the
£lap was located reerward and upwerd from the position found to be

the optimum at & Reynolds number of 2.4 x 10°.

2. Shifts in the linear portion of the 1ift curve casused by
veriation in Reynolds number,which occurred only for the condition
with the flap deflected, were either eliminated or reduced considerebly
by altering the flap position

3. The meximum section lift coefficient of the 'ai_rfoil with the
£lep deflected in ghe position found to be the optimum at a Reynolds

number of 9.0 x 10° increased from 2.15 to 2.71 as the Reynolds number
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increased from 2.4 x 106 to 12 or 13.0 x 106 and then decrea ed
to 2.62 as the Reynolds number was increased up to 25.3 x 10

- L. The meximum section 1ift coefficient of the airfoil with
the £lap retracted increased from 1.1l7 to lq35 ag the Reynolds "~
number was increesed from 3.0 x 109 to 18.0 x 10° and then decreased.
to 1. 30 as the Reynolds number was increaged 24. 9 X lo6

' 5; The increment of meximum section 1ift coefficient increased 4
from 1.24 to 1.36 a9 the Reynolds nuuber was increased from 3.0 X 10

to about 12.0 x 3.06 and then decresged to 1. 31 as the Reynolds number
increaeed. up to 25.0 x 106.

6 The section drag coefficient at 1ift coefficients beyond
. the low-drag range continually decreased with increase in Reynolds
mumber although the minimum seéction drag coeffic¢ient 'begen to increase

at a Remolds number slightly higher then 12.0 x 10°.
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TABLE I
. ORDINATES FOR TEE HODIFIED
NAGA 65(112)~111 ATLRFOIL SEGTION

Etations and ordinates glven
in percent airfoll chord

Lower surface

[=]
aa

eekeEEs
by
EREE

1
2.
L. 2.
}-%:950 ?‘:Eigl
gﬁfsv R
5E§g; 5;%?
983 <055
2892 | 6.008
20.000 5.833
Zg:orr E:ge'z
65.021 gzs
o.ozg . 023
§5.oz 329
.02 3,792
g | i
go.02l | 1.
N AE

umB.EC
(o} o
538 | -.821
1355 | 1288
2.3 -1.625
Se -2.222
ks
10. -%.083
15.08L | -5.700
gg:o -J;:;gi
39.033 | -
E%:g%g i:%%
L5. 3
50.000 =i}« 725
92 | .43
gﬁ:gé :5:054
74372 -%fsa
Eﬁ%%’? 1 zg
Sz. 9 - T
89: 92 -:§Zﬁ

L.E. radiuss 0.842
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TABLE IT

ORDINATES FOR 0.35-CHORD FLAP

[Lower surfece of flap formea by lower
surface of plain alrfolil.
Stationa end ordinates
percent alrfoll cho

Station Ordinate

65.50 -0.863
62.00 - gg
67.00 .
68.00 <792
70.00 1.
T2.00 1.

.00 2.
e |
.00 2.3
0.00 2.35L
82.00 2.300
32.00 2.183

.00 2,000
Upper surface fairs into
plein airfoll sectlon

&t stetion 88.00
L.E. radiuss 1.L0l
L.E. radlus center at

statlon 66.50 and

ordinate -1.971
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(b) Varisbles used to define flap configuration.
Flgure 1.~ Proflle of the modified NACA 65(112)-111 alrfoll section with 0.%%c slotted flap.
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Figure 2 .- BSention 1ift charasterintlcs of m modified HAGA 65(112)-111 alrfoll sestion with flap retrasted end glot seslsd far
. sevara) Reynolda numbers. .
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